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Abstract 

Addressed, mainly: postgraduates and related readers. 

Subject: Given two classical mechanical ID-moving particles (material 
points), with identical initial data, one of those particles given free and 
another given to pass through a symmetrical force-barrier, a retardation 
effect is observed: After the barrier has been passed over, the second 
particle moves with the same velocity as the free particle, but spatially 
is retarded with respect to the latter. If the "non-free" particle moves 
through a potential well, then the retarded particle is the free particle. 

The question is. What phenomena of a similar kind could one find, if 
the ID-moving particles were quantum ones? And just what do quantum 
particles do, being under potential barrier? I here say "quantum" in a 
mathematical sense: " Schroedinger" . 

To answer the question, I had constructed some suitable Virtual Devices 
(Java applets) and then for some time experimented various situations. 
I detected some phenomena that I could name "a retardation", however 
I doubt whether that term is proper. Some of those Java applets are 
available at http://choroszavin.narod.ru/vlab/index-2.htm 

Keywords: Scattering, Finite Rank Perturbations. 
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Given two classical mechanical ID- moving particles (material points), with iden- 
tical initial data, one of those particles given free and another given to pass 
through a symmetrical force-barrier: 

F= \ ~ F o , x E [-w/2 + xq,x ] 
\ F , x E [xq,xq + w/2] 

a retardation effect is observed: After the barrier has been passed over, the 
second particle moves with the same velocity as the free particle, but spatially 
is retarded with respect to the latter. If the "non-free" particle moves through 
a potential well, then the retarded particle is the free particle. 

The question is. What phenomena of a similar kind could one find, if the ID- 
moving particles were quantum ones? And just what do quantum particles do, 
being under potential barrier? I here say "quantum" in a mathematical sense: 
" Schroedinger" . 

To answer the question, I had constructed some suitable Virtual Devices (Java 
applets) and then for some time experimented various situations. I detected 
some phenomena that I could name " a retardation" , however I doubt whether 
that term is proper. As for the most certain and definite manifestations of the 
retardation, I had untill now detected them by those of my Virtual Devices, 
which I had constructed on principles of the stationary scattering theory. 

Mathematically they are based on an analysis of 

id t ip(t,x) = -d%ip(t, x) + a a 6(x - x a )ip(t, x){x a ) . 

a 

A solution (an eigensolution) is of the form 

ip(t,x) = e~ i0Jt w k (x), uj = k 2 , 

w k (x) = e ikx +J2coef a -e i ^ x ~ x ^ , 

a 

and any finite linear combination 

i>{t,x) = J2 A m^ m e- iUmt w km (x), 

m 

is a solution as well. Of course, {coef a } a depend on {x a } a , {a a } a , and k (resp., 
k m ). The stationary scattering theory says that if the "free" system behaves as 

1> free (t,x) = ^Ane^e-^e**"*, 

m 
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then the "non-free" will behave as 

<Pnon-free(t, x) = ^ ^e^'ilfc, (x) . 
m 

I took, mainly, 

^ /ree (t,a:) = ^y^V*-'- 



and observed the graphs of 

| Ipfree *^) | j | priori — free | j 

especially, ones of 

IV^/ree (0) ^) | ; | priori — free 

In such a case 

looks like a series of quasiperiodic relatively localized excitations. The structure 
of 

\lpnon — freeiS^i *^)| 

looks much more complicated, although sometime it could be specified as a set 
of "excitations" and there I can not formulate my impressions more defintely. 

As for the basic theme of my paper, I found that: 

the less was the effective width of the "free" -excitations with respect to the 
region of 

^2 a a 5(x - x a )ip(t, x)(x a ) , 

a 

— i.e., with respect to 

max{x a } a - min{a; a } a 

, — and the less were the distances between scattering centres with respect to 
the effective width of the "free"-exitations, the more explicitly I observed a 
phenomenon which I could name " retardation" . 

Some of my Virtual Laboratories (Java applets) where I observed described 
phenomena certainly and explicitly are located at 
http : / / choroszavin . narod . ru/vlab/index-2 . htm 

An instruction: to observe a retardation phenomemon move the scrollbar named 
cc-b 

As for "I doubt whether that term is proper", another instruction is: set 
n_de_las_ondas=l and repeat measurements. 
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Notes: 

The basic theme of the paper is generated by a theme of the papers of N.L. 
Chuprikov. The philosophy of the computations has associated with the paper 
[10] of S.R. Foguel and my papers [6]-[9]. 
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